Abstract: Type I cryoglobulinemia vasculitis (CryoVas) is considered a life-threatening condition; however, data on the characteristics and outcome are scarce. To analyze the presentation, prognosis, and efficacy and safety of treatments of type I CryoVas, we conducted a French nationwide survey that included 64 patients with type I CryoVas between January 1995 and July 2010: 28 patients with monoclonal gammopathy of unknown significance (MGUS) and 36 with hematologic malignancy.
INTRODUCTION
C ryoglobulinemia is defined as the presence of circulating immunoglobulins that precipitate with cold temperature and dissolve with rewarming. After immunochemical typing, cryoglobulins are sorted according to the classification of Brouet et al: 2 type I cryoglobulinemia comprises single monoclonal immunoglobulins, and types II and III are mixed cryoglobulinemias (MCs), with a monoclonal component in type II and only polyclonal immunoglobulins in type III. Cryoglobulinemia may cause systemic vasculitis (CryoVas), with manifestations ranging from MC syndrome (purpura, arthralgia, and asthenia) to more serious lesions with skin, neurologic, and renal involvement. 9 Skin is the most frequently involved target organ, with palpable purpura, but chronic cutaneous ulcers may occur. Neurologic manifestations range from pure sensory axonopathy to mononeuritis multiplex, but the most frequently described form is distal sensory or sensorymotor polyneuropathy. Finally, the most frequent clinical and histologic picture of renal involvement is acute or chronic type I membranoproliferative glomerulonephritis with subendothelial deposits. Two major mechanisms are at play to varying degrees across the different types of cryoglobulinemia: cryoglobulin precipitation in the microcirculation, and immune complex-mediated inflammation of blood vessels. Vascular occlusion is more frequent in type I cryoglobulinemia, which is usually accompanied by high cryoglobulin concentrations, and can be associated with hyperviscosity syndrome and cold-induced acral necrosis. In contrast, immune complexYmediated vasculitis is more frequent in mixed cryoglobulinemia. 18 The prevalence and incidence of CryoVas are unknown, in particular because of the heterogeneity in the cause, clinical presentation, and geographical distribution of the disease. However, the prevalence was initially reported as approximately 1:100,000 individuals. 9 CryoVas appears more commonly in patients aged 45 to 65 years, with a maximum incidence in women (sex ratio women to men, 2Y3 to 1). 7, 20 Type I cryoglobulins are always linked to a B-cell lymphoproliferative disorder, that is, multiple myeloma, Waldenström macroglobulinemia, chronic lymphocytic leukemia, B-cell non-Hodgkin lymphoma, and hairy cell leukemia. In contrast, MCs (type II or III) are associated with systemic autoimmune diseases, lymphoproliferative disorders, and chronic infections, hepatitis C virus (HCV) infection representing 80% of the CryoVas cases. When MC is found in the absence of well-defined disease, the syndrome is designated ''essential MC.'' Since the discovery of HCV infection in 1989, it has become clear that HCV is associated with most cases of MC. Among patients with MC, 60%Y90% are infected with HCV. 3, 7, 20, 27 Type I cryoglobulinemia accounts for 10%Y15% of patients with cryoglobulinemia.
14 Data on type I CryoVas are scarce in the literature, therefore the characteristics and outcome are poorly known. To our knowledge the largest series of type I CryoVas, recently reported, included only 6 patients. 17 Despite the lack of data and large case series of patients, type I CryoVas is considered a life-threatening disorder because of the severity of cutaneous and renal involvement and the underlying hemopathy. 13, 27 In the absence of prospective or randomized controlled trials, the management of type I CryoVas is based on empirical data. In patients with malignant hematologic disorders, the treatment of vasculitis is that of the hemopathy, while in those without overt B-cell lymphoma, the treatment of vasculitis may include plasma exchange, corticosteroids, alkylating agents, rituximab, or iloprost.
A survey was initiated in France in 2010 to describe the presentation, prognosis, and efficacy and safety of treatments of patients with type I CryoVas. We report here data for 64 cases of type I CryoVas included in the survey.
METHODS

Patients
The French CryoVas survey is a nationwide retrospective study that was initiated in February 2010 to describe the presentation and the efficacy and safety of treatments in patients with nonviral CryoVas. Inclusion criteria for the study were as follows: 1) detectable cryoglobulinemia in the serum; 2) systemic vasculitis; and 3) diagnosis of CryoVas between January 1995 and July 2010. Exclusion criteria were the presence of anti-HCV and antihuman immunodeficiency virus (HIV) antibodies and hepatitis B surface antigen. French hospital-based and community-based units of internal medicine, nephrology, rheumatology, dermatology, and hematology were invited to take part in the survey. The medical centers were informed that patient inclusion in this observational registry would not interfere with their current practice and would not involve the specific collection of laboratory data.
Patients were considered to have type I monoclonal CryoVas after detection and immunochemical typing; systemic vasculitis was diagnosed if they had the following in association with clinical manifestations of vasculitis (purpura, cutaneous ulcers or necrosis, arthralgia, myalgia, peripheral neuropathy, renal involvement, cerebral vasculitis, gastrointestinal involvement): 1) histologically proven vasculitis (n = 43), and/or 2) detectable cryoglobulinemia with at least purpura or cutaneous ulcers as a clinical manifestation in the absence of histology (n = 21). Patients without histologically proven vasculitis but with purpura or cutaneous ulcers and detectable MC were considered to have small-vessel vasculitis based on previously defined clinical and laboratory criteria. 9, 11 Finally, of the 324 patients included in the CryoVas survey, 64 patients from 29 centers had type I CryoVas (Figure 1 ). The study was performed in accordance with the ethical standards of the Helsinki Declaration and was approved by the local institutional review board.
Clinical and laboratory data were recorded for each patient at the time of the initial evaluation (that is, diagnosis of cryoglobulinemia vasculitis), during follow-up, and at the end of follow-up (that is, last visit, or date of death for the 4 patients who died), by the practitioners in charge of the patients using a standardized form. The following data were collected: sex, age at diagnosis of CryoVas, dates of CryoVas, cutaneous involvement (acrosyndrome, purpura, distal ulcers, necrosis), neurologic involvement (polyneuropathy, multiple mononeuritis, central nervous system), renal involvement (proteinuria, hematuria, serum creatinine level), rheumatologic involvement (arthralgia, arthritis, myalgia), gastrointestinal involvement, type of underlying hematologic disorders, and outcome. Laboratory evaluation included determination of the serum C3 and C4 fraction of complement, cryoglobulin, serum creatinine level, urinalysis to screen for hematuria, and a 24-hour urine protein collection. Because of the retrospective design of the study, some patients were considered to have a significant cryoglobulin level when it was 9 0.05 g/L, whereas some laboratories quantified the cryoglobulin level by determining the cryocrit.
The diagnosis of B-cell non-Hodgkin lymphoma was made on the basis of evidence of bone marrow, nodal, or extranodal lymphoproliferative disease with pathologic features that were compatible with the World Health Organization classification of neoplastic diseases. 10 The diagnosis of monoclonal gammopathy of unknown significance (MGUS) was defined by a monoclonal immunoglobulin concentration in serum of 30 g/L or less; the absence of lytic bone lesions, anemia, hypercalcemia, and renal insufficiency related to the proliferation of monoclonal plasma cells; and a proportion of plasma cells in the bone marrow of 10% or less. 1 Time of therapeutic management and treatment-related data were also recorded. An alkylating agent-based regimen (n = 25) was defined by the use of cyclophosphamide (n = 12), chlorambucil (n = 7), or melphalan (n = 6), in association with corticosteroids (n = 19) or alone (n = 6). A rituximab-based regimen (n = 23) was defined by the use of rituximab in association with corticosteroids (n = 13) or alone (n = 10). A bortezomib-based regimen (n = 7) was defined by the use of bortezomib in association with dexamethasone in all cases. A thalidomide/lenalinomide-based regimen (n = 6) was defined by the use of thalidomide (n = 4) or lenalinomide (n = 2), in association with dexamethasone (n = 5) or not (n = 1). Polychemotherapy (n = 15) was defined as the combination of different cytotoxic agents, including rituximab-fludarabinecyclophosphamide (n = 4), fludarabine-cyclophosphamide (n = 2), rituximab-cyclophosphamide-doxorubicin-vincristineprednisone (n = 3), cyclophosphamide-doxorubicin-vincristineprednisone (n = 1), vincristine-Adriamycin-dexamethasone (n = 3), and rituximab-cyclophosphamide (n = 2).
Response to Therapy
The clinical response of vasculitis was defined by analyzing the course of the following main clinical signs: skin involvement (absence of purpura or distal ulcers), peripheral neuropathy (clinical and/or electrophysiologic improvement at 2 successive examinations), renal involvement (normalization or improvement of serum creatinine level, proteinuria, and hematuria) and absence of arthralgia. A complete clinical response was defined as improvement in all baseline clinical manifestations. A partial response was defined as improvement in at least half of the baseline 
Statistical Analysis
Descriptive statistics included the mean (SD) or median (minimum-maximum) as appropriate for continuous variables and frequency (percentage) for categorical variables. Univariate analysis included the chi-square or Fisher exact test as appropriate to compare categorical variables, and the nonparametric MannWhitney test to compare continuous variables. The Kaplan-Meier curve was plotted to describe the survival rate according to the type of CryoVas, and the log-rank test compared both curves. Differences were considered significant when the p values were G 0.05.
RESULTS
Patient Characteristics
Sixty-four patients met the inclusion criteria ( Table 1 ). The mean age at diagnosis was 65.4 T 11.4 years (range, 38Y89 yr), and 36 patients (56%) were female. B-cell lymphoproliferative disorders were present in all patients, including MGUS in 28 patients (44%) and hematologic malignancy in 36 patients (56%).
Clinical manifestations at diagnosis included purpura in 44 patients (69%), acrocyanosis in 19 (30%), skin necrosis in 18 (28%), skin ulcers in 17 (27%), livedo reticularis in 8 (13%), cold urticaria in 3 (5%), peripheral neuropathy in 28 (44%), renal involvement in 19 (30%), and arthralgia/arthritis in 18 patients (28%). Peripheral neuropathy included sensory polyneuropathy in 15 patients, sensory-motor polyneuropathy in 7 patients, and sensory-motor multiple mononeuropathy in 6 patients. Renal involvement was documented by kidney biopsy in 18 of 19 cases, showing type I membranoproliferative glomerulonephritis in 17 cases and glomerulonephritis with isolated C3 deposits in 1 case. The patient without kidney biopsy had a urine protein excretion of 1.12 g/d with hematuria. None of the patients had central nervous system, pulmonary, gastrointestinal, or cardiac involvement. Fifty patients (78%) had severe manifestations of vasculitis, defined as the presence of extensive cutaneous ulcers and/or necrosis, sensorymotor multiple mononeuropathy, and/or glomerulonephritis. The median cryoglobulin level at diagnosis was 1.55 g/L (range, 0.1Y10.4 g/L), and the median C3 and C4 complement levels were Table 1 ).
Therapeutic Management
Fifty-six patients (88%) received at least 1 course of treatment for the management of type I CryoVas, while 2 patients were lost to follow-up within the first 3 months after diagnosis, and 6 patients with mild vasculitis did not receive treatment. The median number of treatments in treated patients was 2 (range, 1Y6).
We analyzed the therapeutic efficacy according to 1) the line of treatment (that is, naive patients vs. refractory or relapsing patients), 2) the therapeutic regimen used, and 3) the underlying B-cell lymphoproliferative disorders.
Therapeutic Management According to Line of Treatment
First-line therapy: Treatment characteristics according to the underlying B-cell lymphoproliferative disorder are shown in Table 2 . For the management of MGUS-related CryoVas, 20 patients (87%) received corticosteroids at an initial median dose of 60 mg of prednisone per day, associated with plasmapheresis in 3 (13%), alkylating agents in 5 (22%; including chloraminophene in 3 and cyclophosphamide in 2), rituximab in 2 (9%), and azathioprine in 1 (4%); 8 cases (35%) resulted in a sustained remission. Nine patients (39%) relapsed after an initial response, whereas 6 patients (26%) were considered refractory to first-line treatment.
For the management of hematologic malignancy-related CryoVas, 29 patients (87%) received corticosteroids at an initial median dose of 60 mg of prednisone per day, associated with plasmapheresis in 6 (18%); alkylating agents in 11 (37%; including chloraminophene in 4, cyclophosphamide in 4, melphalan in 3); multidrug chemotherapy in 9 (27%; including rituximab plus cyclophosphamide/doxorubicin/vincristine/prednisone in 2, rituximab plus fludarabine and cyclophosphamide in 2, vincristine/ Adriamycin/dexamethasone followed by high-dose melphalan in 2, rituximab plus chloraminophene and dexamethasone in 2, and cyclophosphamide/doxorubicin/vincristine/prednisone in 1); rituximab in 5 (17%), bortezomib-based regimen in 2 (6%); and azathioprine, mycophenolate mofetil, and fludarabine in 1 case each. Six patients (19%) had a sustained remission, 16 patients (48%) relapsed after an initial response, and 7 patients (21%) were considered refractory to first-line therapy.
Treatment of refractory and relapsing vasculitis: In total, 36 (56%) patients received at least 1 ''second-line'' therapy, detailed in Table 2 . Eighteen patients (51%) had a sustained remission, 6 patients (17%) relapsed after an initial response, and 11 patients (32%) were considered refractory to second-line treatment (including 5 patients who were also refractory to first-line therapy). Six patients received 3 or more courses of treatment.
Therapeutic Management According to Therapeutic Regimen
Given the heterogeneity of the treatments used, we also analyzed the different regimens separately.
Alkylating agent-based regimen: Twenty-five patients received at least 1 course of alkylating agents (in the absence of associated multidrug chemotherapy) for the treatment of type I CryoVas, as first-line (n = 16) or second-line (n = 9) treatment. The initial response rate, which was assessable in 23 patients, was 83% (17 complete response ECR^and 2 partial response EPR^), although 13 of 19 (68%) responding patients relapsed (Figure 2) .
Rituximab-based regimen: Twenty-three patients received 1 course of rituximab (in the absence of associated multidrug chemotherapy) as first-line (n = 7), second-line (n = 12), thirdline (n = 3), or fourth-line (n = 1) treatment. The initial response rate, which was assessable in 20 patients, was 80% (11 CR and 5 PR) and was comparable in first-line and second-line therapy (Figure 3) . Eight of these patients relapsed, after a median time of 12.5 months (range, 6Y29 mo).
Bortezomid-and thalidomide/lenalidomide-based regimens: Seven patients (all with multiple myeloma) received at least 1 course of a bortezomib-based regimen as first-line (n = 2), second-line (n = 2), third-line (n = 2), or fourth-line (n = 1) treatment. The overall response rate to the bortezomib-based regimen was 86% (5 CR and 1 PR). Six patients (including 4 patients with multiple myeloma and 2 with MGUS) received at least 1 course of a thalidomide-and/or lenalidomide-based regimen as second-line (n = 4) or fifth-line (n = 2) treatment. The initial response rate to the thalidomide-and/or lenalidomidebased regimen was 83% (4 CR and 1 PR).
Therapeutic Management According to Underlying B-cell Lymphoproliferative Disorder
Therapeutic management of patients with MGUS-related CryoVas is summarized in Table 2 and Figure 4 . First-line therapy in patients with MGUS-related CryoVas was mainly based on corticosteroids alone, while second-line therapy included mainly rituximab-and alkylating agents-based regimens. Both of these regimens seem to provide good efficacy, but no comparison can be made between these therapeutic strategies.
Treatment of patients with hematologic malignancyrelated CryoVas is summarized in Table 2 and Figure 5 . Firstline therapy in these patients was mainly based on alkylating agents-based regimen and polychemotherapy, while second-line (10) therapy included mainly rituximab-, bortezomib-, and thalidomide/ lenalinomide-based regimens. Both of these strategies provided good efficacy.
Outcome
After a mean follow-up of 46.2 T 42.0 months, 8 patients (13%) were found to have severe infections, including bacterial septicemia in 3 patients, bacterial pneumonia in 3 patients, herpes virus infection in 2 patients, and cutaneous infection in 1 patient. Three of the 23 patients (13%) receiving rituximab experienced worsening vasculitis within 48 hours following the rituximab infusion. All 3 patients had lymphoplasmacytic lymphoma associated with high cryoglobulin levels (5.20, 2.75, and 2.14 g/L, respectively). In 1 of these patients, retreatment with rituximab was associated with a new episode of vasculitis flare. Four deaths (7%) were noted and were attributed to sepsis (n = 2), hemopathy (n = 1), and an unknown cause (n = 1). All patients who died had hematologic malignancy, including Waldenström macroglobulinemia in 3 patients and multiple myeloma in 1 patient. The 1-year, 3-year, 5-year, and 10-year survival rates were 97%, 94%, 94%, and 87%, respectively ( Figure 6A ). Compared to MGUS, type I CryoVas related to hematologic malignancy tended to be associated with a poorer prognosis (p = 0.06) ( Figure 6B ).
DISCUSSION
Type I CryoVas has long been considered a rare and lifethreatening condition, despite the absence of published series in the literature. To better define the clinical spectrum of type I monoclonal CryoVas, we analyzed the data from 64 patients included in the French multicenter and transdisciplinary CryoVas survey. This analysis provides new insights into the presentation, outcome, and management of type I monoclonal CryoVas.
Regarding demographics, both the mean age at the time of diagnosis and the sex ratio (predominance of females) were in keeping with those usually observed in HCV-and non-HCVrelated mixed CryoVas. 20, 26 Type I monoclonal CryoVas was characterized by severe cutaneous involvement (necrosis and ulcers) in almost half the patients, high serum cryoglobulin levels, and a lower frequency of glomerulonephritis than in mixed CryoVas. Compared with previous data in HCV-and non-HCV-related mixed CryoVas, 20, 26 there was an approximate 2-fold increase in frequency of severe cutaneous involvement in type I CryoVas, while renal involvement seemed to occur 1.5 times less frequently. Serum cryoglobulin levels that are approximately 2-fold higher are classically observed in type I CryoVas compared to mixed CryoVas. These differences compared to mixed CryoVas could be related to the absence of rheumatoid factor activity of type I cryoglobulins and their decreased ability to activate the complement pathway. It is usually proposed that vasculitis cutaneous manifestations in type I cryoglobulinemia may be the consequence of hyperviscosityrelated rather than immune complex-induced vasculopathy. However, no classical manifestations of hyperviscosity syndrome were reported in our patients. Finally, type I CryoVas was always associated with B-cell lymphoproliferative disorders, including malignant hemopathy in 56%, confirming the need to systematically screen these patients for an underlying B-cell malignancy.
The evaluation of efficacy and safety of different therapeutic regimens was a major goal of the CryoVas survey. In patients with malignant hemopathy, the heterogeneity of disease subtypes and treatments used makes it difficult to draw any conclusions on the efficacy of the different regimens. In this context, the treatment of vasculitis is primarily that of the underlying hematologic malignancy using the optimal combined chemotherapy. In patients with MGUS-related CryoVas, the initiation of therapy is only justified by the severity of the vasculitis. Treatment options in these patients include corticosteroids with or without alkylating agents, plasma exchange, and, more recently, rituximab 6 and other new biologic agents. The current study provides additional information on the use of these new agents, in particular rituximab-, thalidomide-, lenalidomide-, and bortezomib-based regimens.
The efficacy of rituximab in type I CryoVas remains controversial. 15, 16, 19, 23, 25 The absence of CD20 expression on plasma cells was supposed to explain its lack of efficacy. In the present study, a response to rituximab was reported in 80% of patients in first-or second-line treatment, supporting its use in naive or relapsing/refractory patients. Vasculitis flares were noted within 48 hours following rituximab infusion in 13% of patients. Similar exacerbations of the disease have been previously reported in association with increased cryoglobulin levels. It has been suggested that CD20 cross-linking could provoke cryoglobulin release through massive B-cell apoptosis or activation, raising some concerns as to the use of rituximab in these patients. 15 In HCV-related MC vasculitis, severe early flares of vasculitis after rituximab have been reported, especially in patients with high levels of serum cryoglobulin and with the use of 1 g infusions on days 1 and 15. 22 An increase in the cryoglobulin level after rituximab was also reported in a patient with type II MC associated with Waldenström macroglobulinemia, without a vasculitis flare but with a complete clinical response. 8 We established the efficacy of thalidomide and lenalinomide in 6 patients, with an efficacy rate of 83%. In the literature, the efficacy of thalidomide and lenalinomide was reported in 4 patients with type I CryoVas, either related to multiple myeloma 5, 12 or to MGUS. 4, 21 A bortezomib-based regimen was shown to be effective in 86% of our patients, while its efficacy has been an ecdotally reported in the literature. 23, 24 Thalidomide, lenalinomide, and bortezomib were well tolerated. Overall, these findings suggest that in patients with severe and/or refractory MGUSrelated type I CryoVas, rituximab-, thalidomide-or lenalinomide-, and bortezomib-based regimens could be interesting alternative options when combined with corticosteroids. The patients' profiles and the type of organ involvement could help practitioners choose between these different therapeutic regimens. In patients with peripheral neuropathy, the use of thalidomide, lenalinomide, and bortezomib should probably be avoided. Rituximab should be administered with caution in elderly patients with renal failure receiving high-dose corticosteroids due to the increased risk of severe infections. 25 The prognosis of type I CryoVas did not seem to be as poor as previously thought. Although the small number of patients and deaths in the current series did not allow us to identify prognostic factors of survival, all patients who died had hematologic malignancy. The long-term prognosis in type I CryoVas seemed to be better than that in HCV-related mixed CryoVas (the most frequent type of CryoVas), with 5-and 10-year survival rates of 94% and 87%, respectively, compared with 75% and 63% in HCV-related mixed CryoVas. 26 As found in non-HCV mixed CryoVas, 20 severe infections accounted for half of the deaths, suggesting that the therapeutic management and prevention of severe infection should be improved in these patients.
We acknowledge some limitations of the present study, primarily the retrospective design and the heterogeneity of the treatments used. In addition, because of our inclusion criteriaV detectable serum cryoglobulinemia and systemic vasculitisVour patients did not have manifestations of hyperviscosity syndrome, which represents a complication of type I cryoglobulinemia. However, despite these limitations, the current study provides interesting data on type I monoclonal CryoVas.
In conclusion, the CryoVas survey describes the presentation, prognosis, and therapeutic management of the largest series of type I CryoVas patients reported, to our knowledge. We observed the frequent occurrence of severe cutaneous involvement and high cryoglobulin levels, whereas the long-term prognosis does not appear to be as poor as in mixed CryoVas. Rituximab-, thalidomide-or lenalinomide-, and bortezomibbased regimens seem to be beneficial alternative therapeutic options when combined with corticosteroids.
